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© Disk reproduction apparatus and track search method. 



® A disk reproduction apparatus having pause time 
setting device (3a) for setting a determined pause 
time upon receiving an instruction for successive 
reproduction; automatic pause setting device (3a) for 
setting the apparatus in pause during the pause time 
and releasing the apparatus from the pause after the 
pause time has passed; and search device (3c) for 
searching the next music program to be reproduced 
by moving an optical pickup, wherein the pause time 
is set to coincide with a time interval between an 
end of a current music program and a beginning of 



the next music program to be reproduced, indepen- 
dently of any recorded positions of the music pro- 
gram without making a configuration of the appara- 
tus complex. Thus, when performing a random re- 
production of the music programs, listeners can en- 
joy a natural flow of the successively reproduced 
music programs like when reproduction is performed 
of the music programs in order from an inner portion 
toward an outer portion. Further, listeners can enjoy 
a disk in many ways as if music programs of other 
disks were being reproduced. 
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FIELD OF THE INVENTION 

The present invention relates to a disk re- 
production apparatus for successive reproduction 
of a plurality of music programs and a method for 
searching thereof. More particularly, the present 
invention relates to a disk reproduction apparatus 
and a method for searching thereof wherein time 
interval is made substantially constant between an 
end of a current music program and a beginning of 
the next music program to be reproduced. 

BACKGROUND OF THE INVENTION 

Conventionally, a reproduction method called 
random reproduction has been widely used in the 
field. With this reproduction method, on completing 
reproducing operation of a current music program 
using a CD (Compact Disc) player, the next music 
program to be reproduced is randomly selected 
from ail music programs except those already be- 
ing reproduced. After searching the next music 
program, reproducing operation of the next music 
program starts. 

Referring to Fig. 9, a configuration of a gen- 
erally used CD player will be described herein- 
below. 

The CD player comprises: an optical pickup 31 
for reading out information from a disk (not shown); 
a servo circuit 32 for respectively controlling a 
focus servo for converging a laser beam, for read- 
ing out the information, on the disk, a tracking 
servo for improving an act of following of a laser 
beam from the optical pickup 31 in order to read 
out the information, a spin servo for rotating the 
disk, a slide servo for moving the optical pickup 31 
over the disk from an inner portion toward an outer 
portion or from the outer portion toward the inner 
portion; a microcomputer 33 for controlling the ser- 
vo circuit 32, a signal processing circuit 35 (to be 
described later) and output of display use data to a 
display 40 based on input from an operation unit 
38 (to be described later) and for performing other 
controls; the signal processing circuit 35 which 
modulates output signals from the optical pickup 
31 in the form of EFM (Eight to Fourteen Modula- 
tion) and demodulates in the form of error-correct- 
ing subcode; a D/A converter 36 for converting 
digital output signals from the signal processing 
circuit 35 into analog signals; an audio AMP 37 for 
amplifying output from the D/A converter 36; a 
drive circuit 34 for performing focus control, track- 
ing control, slide motor control and spin motor 
control of the optical pickup 31 based on input 
signals from the servo circuit 32 or the signal 
processing circuit 35; random music program se- 
lection means 39 for randomly selecting the next 
music program to be reproduced; and the display 
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40 for showing the display use data. In addition, 
the operation unit 38 includes a random reproduc- 
tion key 38a for instructing the random reproduc- 
tion and a stop key 38b for terminating the random 
5 reproduction. 

The conventional random reproduction method, 
which has been widely used, will be described 
hereinbelow referring to a flow chart in Fig. 7. 

A system is first to be initialized. Then, after 
w loading a disk, reading out of TOC (Table of Con- 
tents) information recorded on the disk starts (S1). 
The TOC information is stored on an inner portion 
of the disk and it contains information regarding at 
least starting and ending positions of the respective 
75 music programs recorded on the disk. 

The random reproduction key 38a (see Fig. 9) 
for instructing the random reproduction of the mu- 
sic programs is next to be operated (S2). This S2 
is a step for starting up the random reproduction. 
20 Then, the random music program selection means 
39 (see Fig. 9) selects the next music program to 
be reproduced (S3). Here, the system is designed 
such that each music program is to be reproduced 
only once. 

25 Then, it is judged whether the reproduction of 

all the music programs has been completed. If 
there are no music programs left to be reproduced, 
the sequence moves to S8 (to be described later) 
to terminate the random reproduction. On the other 

30 hand, if there are any music programs left to be 
reproduced, the sequence goes on to S5 (S4). 

In S5, a searching operation is performed of 
the next music program to be reproduced. Here, 
the time required for searching varies depending 

35 on a distance between a present position of the 
pickup and a starting position of the next music 
program to be reproduced, in short, the greater the 
distance, the longer the search time. 

After the searching operation in S5 has been 

40 completed, the reproduction of the searched music 
program starts (S6). Then, on completing the re- 
production of the music program, it is checked 
whether the stop key is operated (S7). If the stop 
key is operated in S7, the sequence moves to S8 

45 to terminate the random reproduction. If not, on the 
other hand, the sequence goes back to S3 to 
repeat the above-mentioned process so as to con- 
tinue the reproducing operation. 

Now assuming that fifteen (15) music programs 

so are recorded on the disk (recorded in areas in- 
dicated by TNO = 1 to TNO = 15 on the disk in 
Fig. 8), the following will discuss a search method 
when the random reproduction is performed using 
the generally used CD player referring to Fig. 8. 

55 As shown in Fig. 8, in the figure, a search time 

indicated by an arrow (1) (the search of a music 
program recorded in TNO = 2 from TOC area) is, 
for example, 0.7 second. Similarly, a search time 

2 
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indicated by an arrow (2) (the search of a music 
program recorded in TNO = 4 from TNO = 2) is, 
for example, 0.7 second. Respective time required 
for search (3), search (4), search (5) and search (6) 
are 1.5 seconds, 0.5 second, 1.1 seconds and 3.3 
seconds. Here, the time required for the search (4) 
is the shortest (0.5 second) and that for the search 
(6) is the longest (3.3 seconds) among all. As can 
be seen from this example, the time required for 
searching is not constant. 

Thus, as described above, when performing 
the random reproduction with the conventional 
method, a time interval is not constant between an 
end of a current music program and a beginning of 
the next music program to be reproduced. There- 
fore, a waiting time for the next music program is 
not likely to be constant. For this reason, listeners 
may not feel comfortable. 

Further, this conventional method presents a 
problem that it is not applicable to the case where 
information recorded on a disk is to be reproduced 
at a constant interval (for example, the Hundred 
Poems by the Hundred Poets for a Japanese card 
game). 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a disk reproduction apparatus performing a re- 
producing operation at a constant interval, indepen- 
dently of any recorded positions of music pro- 
grams without making a configuration of the disk 
reproduction apparatus complex. 

In order to achieve the aforementioned object, 
the disk reproduction apparatus in accordance with 
the present invention for successive reproduction 
of a plurality of music programs recorded on a disk 
using an optical pickup, comprises: pause time 
setting means for setting a determined pause time 
upon receiving an instruction for the successive 
reproduction; automatic pause setting means for 
keeping the apparatus in pause during the pause 
time and releasing the apparatus from the pause 
after the pause time has passed; and search 
means for searching the next music program to be 
reproduced during the pause time by moving the 
optical pickup. Here, as for the pause time setting 
means and the automatic pause setting means, a 
microcomputer, for example, can be used. 

With the above-mentioned configuration, upon 
receiving an instruction for successive reproduc- 
tion, a determined pause time is set by the pause 
time setting means. Thereafter, the search means 
starts searching operation of the next music pro- 
gram to be reproduced. Then, after the set pause 
time has passed, the automatic pause setting 
means releases the apparatus from the pause so 
that the reproducing operation of the selected mu- 



sic program starts. 

This permits a time interval between an end of 
a current music program and a beginning of the 
next music program to be reproduced to coincide 

5 with the pause time, independently of any recorded 
positions of the music programs without making a 
configuration of the apparatus complex. Thus, since 
a waiting time for the next music program becomes 
constant, listeners for the disk reproduction appara- 

10 tus can enjoy a natural flow of the successively 
reproduced music programs. Moreover, the listen- 
ers can enjoy a disk in many ways as if music 
programs of other disks were being reproduced. 
In order to achieve the above-mentioned ob- 

75 ject, another disk reproduction apparatus in accor- 
dance with the present invention, comprises: a 
drive circuit for moving an optical pickup in re- 
sponse to drive voltage to be applied thereto 
(hereinafter referred to as drive voltage) and its 

20 time duration; and control means (for example, a 
microcomputer) for making a time interval constant 
between an end of a current music program and a 
beginning of the next music program to be repro- 
duced by controlling a level of the drive voltage 

25 and/or its time duration. 

According to this arrangement, the level of the 
drive voltage and its time duration are controlled by 
the control means. As a result, the time interval can 
be made substantially constant between the end of 

30 the current music program and the beginning of 
the next music program to be reproduced. Further, 
when a searching operation is performed, for ex- 
ample, by adjusting the number of tracks which the 
optical pickup jumps at a time (hereinafter referred 

35 to as track jump), the time required for searching 
can be significantly reduced. 

In order to achieve the aforementioned object, 
a search method of the disk reproduction apparatus 
in accordance with the present invention, is char- 

40 acterized in that when successive reproduction of 
music programs is to be performed, search time 
for each music program can be made substantially 
constant. 

With this search method, when the successive 
45 reproduction is to be performed, the time required 
for searching each music program is made sub- 
stantially constant. As a result, listeners for the disk 
reproduction apparatus can enjoy a natural flow of 
the successively reproduced music programs, 
so For a fuller understanding of the nature and 

advantages of the invention, reference should be 
made to the ensuing detailed description taken in 
conjunction with the accompanying drawings. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 through Fig. 6 show one embodiment of 
the present invention. 
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Fig. 1 is a flow chart showing a process of a 
search method of a disk reproduction apparatus in 
accordance with the present invention. 

Fig. 2 is a block diagram showing an essential 
part of a configuration of a disk reproduction ap- 
paratus in accordance with the present invention. 

Fig. 3 is an explanatory drawing illustrating a 
searching operation of music programs recorded 
on a disk. 

Fig. 3 (a) is an explanatory drawing illustrating 
the case where a reproducing operation is prefor- 
med by randomly selecting a music program out of 
fifteen music programs recorded on the disk. 

Fig. 3 (b) is an explanatory drawing illustrating 
a searching operation in the case where a pause 
time is set. 

Fig. 3 (c) is an explanatory drawing illustrating 
a searching operation in the case where drive volt- 
age to be applied to a slide motor and its time 
duration are varied. 

Fig. 4 is a flow chart showing a process of a 
constant search time processing routine in Fig. 1. 

Fig. 5 is a block diagram showing an essential 
part of another configuration of a disk reproduction 
apparatus in accordance with the present invention. 

Fig. 6 is a flow chart showing another process 
of a constant search time processing routine in Fig. 
1. 

Fig. 7 through Fig. 9 show the prior art. 

Fig. 7 is a flow chart showing a process of 
random reproduction in accordance with a conven- 
tional disk reproduction apparatus. 

Fig. 8 is an explanatory drawing illustrating the 
case where random reproduction of some music 
programs is performed out of 15 music programs 
recorded on the disk with the conventional method. 

Fig. 9 is a block diagram showing an essential 
part of a configuration of the conventional disk 
reproduction apparatus. 

DESCRIPTION OF THE EMBODIMENTS 

Referring to Figs. 1 through 6, the following 
description will discuss one embodiment of the 
present invention. 

With a disk reproduction apparatus in accor- 
dance with the present invention, when copying 
music programs recorded on a disk to a cassette 
of other apparatuses of such as DATs (Digital 
Audio Tape-recorder), reproduced music programs 
can be used as BGM (Back Ground Music) by 
performing successive reproduction at random. It is 
also applicable to the case of, for example, playing 
a Japanese card game called the Hundred Poems 
by the Hundred Poets since each poem recorded 
on the disk can be randomly reproduced at a 
constant interval according to the present appara- 
tus. 



As shown in Fig. 2, the disk reproduction ap- 
paratus in accordance with the present invention, 
comprises: an optical pickup 1 for reading out 
information from a disk (not shown); a servo circuit 
5 2 for respectively controlling a focus servo for 
converging a laser beam, for reading out the in- 
formation, on the disk, a tracking servo for improv- 
ing an act of following of a laser beam from the 
optical pickup 1 in order to read out the informa- 
io tion, a spin servo for rotating the disk, a slide servo 
for moving the optical pickup 1 over the disk from 
an inner portion toward an outer portion or from the 
outer portion toward the inner portion; a microcom- 
puter 3 for controlling the servo circuit 2, a signal 
75 processing circuit 5 (to be described later) and 
output of display use data to a display 10 based on 
input from an operation unit 8 (to be described 
later) and for performing other controls; the signal 
processing circuit 5 which modulates output signals 
20 from the optical pickup 1 in the form of EFM (Eight 
to Fourteen Modulation) and demodulates in the 
form of error-correcting subcode; a D/A converter 6 
for converting digital output signaJs from the signal 
processing circuit 5 into analog signals; an audio 
25 AMP 7 for amplifying output from the D/A converter 
6; a drive circuit 4 (drive means) for performing 
focus control, tracking control, slide motor control 
and spin motor control of the optical pickup 1 
based on input signals from the servo circuit 2 or 
30 from the signal processing circuit 5; random music 
program selection means 9 (selection means) for 
randomly selecting the next music program to be 
reproduced; and the display 10 for showing the 
display use data. In addition, the operation unit 8 
35 includes a random reproduction key 8a for instruct- 
ing the random reproduction and a stop key 8b for 
terminating the random reproduction. 

Further, the microcomputer 3 includes auto- 
matic pause setting means 3a, pause time setting 
40 means 3b and search means 3c. 

The pause time setting means 3b automatically 
sets a determined pause time when the random 
reproduction key is operated. During the pause 
time, the disk reproduction apparatus is set such 
45 that the reproducing operation is not performed 
(pause state). In addition, the pause time is pre- 
determined or may be calculated based on TOC 
information so as to coincide with the longest 
search time among all. Here, it should be noted 
so that this pause time varies depending on a type of 
disk reproduction apparatus being employed. 

After the pause time is set. the automatic 
pause setting means 3a sets the disk reproduction 
apparatus in pause. This pause state will be kept 
55 during the pause time, and on passing the pause 
time, the automatic pause setting means releases 
the apparatus from the pause. Then, the disk re- 
production apparatus becomes able to perform the 
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reproducing operation again. 

The search means 3c searches the next music 
program to be reproduced by moving the optical 
pickup 1 to the starting position of the next music 
program to be reproduced. 

More concretely, when the random reproduc- 
tion key 8a is operated, the pause time setting 
means sets a determined pause time. During the 
pause time, the automatic pause setting means 3a 
keeps the disk reproduction apparatus in pause. 
Thereafter, the search means 3c starts searching 
operation of the next music program to be repro- 
duced by means of the optical pickup 1. Here, 
when the search time is shorter than the pause 
time, the reproducing operation will be prolonged 
until the pause time has passed (i.e., until time 
obtained by subtracting a search time from a 
pause time has passed). As a result, when the 
pause time has passed, the automatic pause set- 
ting means 3a releases the disk reproduction ap- 
paratus from the pause. Then, the reproducing 
operation of the next music program starts. 

Even when the search time became longer 
than the pause time, the reproducing operation of 
the next music program would start immediately 
after the search so that the time interval between 
the end of the current music program and the 
beginning of the next music program to be repro- 
duced becomes substantially constant. 

Referring to Figs. 3 (a) and (b), the following 
description will discuss the random reproduction. 

As shown in Fig. 3(a), it is assumed that fifteen 
(15) music programs are recorded on the disk 
(recorded in areas indicated by TNO = 1 to TNO 
= 15 in Fig. 3(a)). As shown in Fig. 3(b), respective 
time required for search (11), search (12), search 
(13), search (14) and search (15) and (16) in the 
figure are 0.7 second, 0.7 second, 1 .5 seconds, 0.5 
second (the shortest search time), 1 .1 seconds and 
3.3 seconds (the longest search time). Then, the 
pause time of 3.3 seconds is derived. 

Namely, after an elapse of 2.6 seconds from 
the completion of the searches (11) and (12), the 
automatic pause setting means releases the ap- 
paratus from the pause so that the reproducing 
operation of the next music program starts. Simi- 
larly, after an elapse of 1.8 seconds from the 
search (13), 2.8 seconds from the search (14), 2.2 
seconds from the search (15), and immediately 
after the search (16), the reproducing operation of 
the next music program starts. As a result, sum of 
the search time and respective waiting time (pause 
time) becomes practically constant (a constant time 
interval), specifically 3.3 seconds in this example. 

Next, the process of a search method in accor- 
dance with the present invention will be explained 
hereinbelow referring to the flow chart in Fig. 1. 

A system is first to be initialized. Then, after 
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loading a disk, reading out of TOC information 
recorded on the disk starts (S1 1). 

The random reproduction key 8a (see Fig. 2) 
for instructing random reproduction of the music 

5 programs is next to be operated (S12). This S12 is 
a step for starting up the random reproduction. 
Then, the random selection means 9 (see Fig. 2) 
selects the next music program to be reproduced 
(S1 3). Here, the system is designed such that each 

io music program is to be reproduced only once. In 
the random music selection means 9, one of the 
music programs is selected by means of, for exam- 
ple, a random number generator (not shown in the 
figure). 

75 Next, it is judged whether the reproduction of 

all the music programs has been completed. If 
there are no music programs left to be reproduced, 
the sequence moves to S17 (to be described later) 
to terminate the random reproduction. On the other 

20 hand, if there are any music programs left to be 
reproduced, the sequence returns to a constant 
search time processing routine in S15 (details to be 
described later) (S14). 

In S1 5, the searching operation is performed of 

25 the next music program to be reproduced. In addi- 
tion, the time required for searching (pause time) is 
constant regardless of the distance between the 
present position of the optical pickup 1 and a 
starting position of the next music program to be 

30 reproduced. When the searching operation has 
been completed of the next music program to be 
reproduced in S15, the reproducing operation of 
the searched music program starts. Then, on com- 
pleting the reproduction of the music program, it is 

35 judged whether the stop key is operated (S16). 

If the stop key is operated in S16, the se- 
quence moves to S17 to terminate the random 
reproduction after the reproduction of the current 
music program has been completed. If not, on the 

AO other hand, the sequence goes back to S13 to 
repeat the above-mentioned process so as to con- 
tinue the reproducing operation. 

The following is a detailed description of the 
constant search time processing routine in S15 

45 referring to Fig. 4. 

If there are any music programs left to be 
reproduced in S14, the pause time is set by the 
pause time setting means 3b (S20). Further, the 
pause time is set to coincide with the longest 

so search time so that the pause time becomes con- 
stant independently of the starting position of the 
next music program to be reproduced. 

The search means 3c searches the next music 
program to be reproduced by means of the optical 

55 pickup 1 (S21). Further, the search time varies 
depending on the starting position of the next mu- 
sic program to be reproduced, (see Figs. 3 (a) and 
(b)). 

5 
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Next, it is judged whether the pause time has 
passed. If the pause time has passed, the auto- 
matic pause setting means 3a releases the appara- 
tus from the pause. If not, on the other hand, the 
automatic pause setting means keeps the appara- 
tus in pause until the pause time has passed so 
that the sequence does not move on to the next 
step (S22). Then, the reproducing operation of the 
searched music program starts (S23). Thereafter, 
the sequence returns to the main routine. 

According to the above-mentioned embodi- 
ment, since the automatic pause setting means 3a 
and the pause time setting means 3b are provided, 
the successive reproduction can be surely per- 
formed at a constant interval. Further, the designs 
of the optical pickup 1 , the mechanism of the disk 
reproduction apparatus, the servo circuit, etc., do 
not have to be changed much. Therefore, the man- 
ufacturing cost of the apparatus will remain reason- 
able. 

As aforementioned, a disk reproduction appara- 
tus of the present invention, comprises: pause time 
setting means for setting a determined pause time; 
automatic pause setting means for keeping the 
apparatus in pause during the pause time and 
releasing the apparatus from the pause after the 
pause time has passed; and the search means for 
searching the next music program to be repro- 
duced by moving an optical pickup. 

With this arrangement, a time interval between 
an end of a current music program and a beginning 
of the next music program to be reproduced can 
be set to coincide with the pause time, indepen- 
dently of any recorded positions of the music pro- 
grams without making a configuration of the ap- 
paratus complex. Thus, since a waiting time for 
each music program to be reproduced becomes 
constant, listeners for the disk reproduction appara- 
tus can enjoy a natural flow of the successively 
reproduced music programs like when reproduction 
is performed of the music programs in order from 
an inner portion toward an outer portion of the disk. 
Moreover, the listeners can enjoy a disk in many 
ways as if music programs of other disks were 
being reproduced. 

Another embodiment of the present embodi- 
ment will be described hereinbelow. For conve- 
nience, members having the same function as the 
aforementioned embodiment will be designated by 
the same reference numeral and their description 
will be omitted. 

As shown in Fig. 5, the difference between the 
first and the present embodiments lies in the fact 
that a microcomputer 3 (control means) includes 
motor applied voltage selection means 3d (applied 
voltage selection means), moving time calculation 
means 3e and search condition selection means 3f. 
However, other members have the same configura- 
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tions as the first embodiment. 

As aforementioned, for example, the search 
time indicated by an arrow (14) is 0.5 second (a 
basic search time), and the search time indicated 

5 by an arrow (16) is 3.3 seconds (another basic 
search time) (see Figs. 3(a) and (b)). The moving 
time calculation means 3e calculates these basic 
search time based on the TOC information. Further, 
the moving time calculation means 3e releases a 

ro control signal which varies depending on the result 
of the calculation. 

As will be described later, the search condition 
selection means 3f selects a search condition such 
that a time interval becomes substantially constant 

75 between an end of a current music program and a 
beginning of the next music program to be repro- 
duced based on the output signal from the moving 
time calculation means 3e. 

More concretely, for example, when a basic 

20 search time is relatively long, the search condition 
selection means 3f selects a search condition such 
that an access time for the optical pickup 1 can be 
shortened by increasing a number of tracks which 
the optical pickup 1 jumps at a time (hereinafter 

25 referred to as track jump). On the other hand, when 
the basic search time is relatively short, the search 
condition selection means 3f selects a search con- 
dition such that the access time for the optical 
pickup 1 can be extended by reducing the track 

30 jump. 

The motor applied voltage selection means 3d 
works based on the track jump selected by the 
search condition selection means 3f and the control 
signal from the moving time calculation means 3e. 

35 Namely, when the basic search time is relatively 
long, a level of voltage applied to the slide motor 
as a drive voltage (not shown) (hereinafter referred 
to as drive voltage) for moving the optical pickup 1 
is increased so as to increase its rotation speed. 

40 On the other hand, when the basic search time is 
relatively short, the level of the drive voltage is 
lowered so as to decrease the rotation speed of the 
slide motor. 

The search means 3c works based on the track 
45 jump selected by the search condition selection 
means 3f and the output from the motor applied 
voltage selection means 3d. The search means 3c 
drives and controls the drive circuit 4 through the 
servo circuit 2 while confirming the signals from the 
so signal processing circuit 5. As a result, the optical 
pickup 1 moves to the starting position of the next 
music program to be reproduced. 

According to the above-mentioned arrange- 
ment, when the random reproduction key 8a is 
55 operated, the track jump is selected by the search 
condition selection means 3f. Thereafter, the rota- 
tion speed of the slide motor is controlled accord- 
ing to the drive voltage selected by the motor 

6 
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applied voltage selection means 3d. As a result, 
the time interval becomes substantially constant 
between the end of the current music program and 
the beginning of the next music program to be 
reproduced. 

Now, a concrete example of the search con- 
dition selection means 3f will be discussed herein- 
below. 

The search condition selection means 3f ad- 
justs the track jump according to a range of the 
basic search time, for example, ten, thirty and a 
hundred with respective ranges of less than one 
second, one to two seconds and more than two 
seconds. 

The following will discuss an example of the 
motor applied voltage selection means 3d. 

The motor applied voltage selection means 3d, 
with the range of the basic search time less than 
one second, for example, may select low voltage 
as a drive voltage. Whereas, with the range of one 
to two seconds, middle voltage may be selected 
and with the range of more than two seconds, high 
voltage may be selected. These three levels, i.e., 
low, middle and high, of the drive voltage are 
respectively obtained by dividing rated voltage into 
the three levels. 

In a concrete example, when the basic search 
time is 0.7 second (the search indicated by (11) or 
(12)) or 0.5 second (the search indicated by (14)), 
the track jump may be set ten, and the motor 
applied voltage selection means 3d selects low 
voltage as a drive voltage (see (11), (12), or (14) in 
Fig. 3(c)). As a result, the time interval becomes 
practically 2.3 seconds between the end of the 
current music program and the beginning of the 
next music program to be reproduced. 

On the other hand, when the basic search time 
is 1.7 seconds (corresponding to the search in- 
dicated by (13) or (15)), the track jump may be set 
thirty, and the motor applied voltage selection 
means 3d may select middle voltage as a drive 
voltage (see (13) or (15) in Fig. 3(c)). As a result, 
the time interval becomes practically 2.3 seconds 
between the end of the current music program and 
the beginning of the next music program to be 
reproduced. 

Further, when the basic search time is 2.7 
seconds (corresponding to the search (16)), the 
track jump may be set a hundred, and the motor 
applied voltage selection means 3d may select 
high voltage as the drive voltage (see (16) in Fig. 
3(c)). As a result, the time interval becomes prac- 
tically 2.3 seconds between the end of the current 
music program and the beginning of the next mu- 
sic program to be reproduced. In addition, for con- 
venience, the drive voltage and its time duration 
are indicated by hatched lines in Fig. 3(c). 

As is clear from the above example, whenever 
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the searching operation is to be performed, by 
selecting appropriate track jump and drive voltage, 
a time interval can be made substantially constant 
between an end of a current music program and a 

5 beginning of the next music program to be repro- 
duced. Furthermore, a time interval between an 
end of the current music program and a beginning 
of the next music program becomes shorter than 
the longest search time of the conventional meth- 

w od. 

Although the present embodiment has been 
discussed on one simplified example of the search 
condition selecting means 3f and the motor applied 
voltage selection means 3d, the present invention 

75 is not intended to be restricted to the specific 
embodiment. Namely, the relationship between the 
track jump and the moving speed of the optical 
pickup is determined by a type of a disk reproduc- 
tion apparatus being employed. Further, the rela- 

20 tionship between the drive voltage and overall mov- 
ing speed of the optical pickup is determined by 
the type of the disk reproduction apparatus being 
employed as well. 

Thus, it should be understood that, if moving 

25 speed and moving distance of the optical pickup 
are given, a search condition and a level of drive 
voltage, may be selected respectively by the 
search condition selection means and the motor 
applied voltage selection means so as to set the 

30 moving time constant. 

Referring to a flow chart in Fig. 6, the following 
will discuss a process of the search method with 
reference to the above-mentioned configuration. 
The flow chart in Fig. 6 is a part of the flow 

35 chart in Fig. 1, showing another example of the 
constant search time processing routine in the fig- 
ure (S15). 

When the random reproduction key 8a is op- 
erated in S12, the random program selection 

40 means 9 selects the next music program to be 
reproduced in S13. Then, in S14, the selected 
music program is checked whether it is the first 
time being reproduced. If so, the constant time 
interval processing routine (S15) is executed (see 

45 Fig. 1 concerning S12 through S14 in Fig. 1). 

First, a basic search time is derived by the 
moving time calculating means 3e based on the 
TOC information (S30). A search condition such as 
the track jump is also selected based on the output 

so form the moving time calculating means 3e (S31). 
Next, based on the output from the moving time 
calculation means 3e, the motor applied voltage 
selection means 3d selects the level of the drive 
voltage (S32). The searching operation of the next 

55 music program will be performed under the con- 
ditions of S31 and S32 (S33). Then, the reproduc- 
ing operation of the searched music program is 
performed. Thereafter, the sequence returns to the 

7 
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main routine (see Fig. 1). 

In the explanation of the above-mentioned em- 
bodiment, the system is designed such that each 
music program is to be reproduced only once. 
However, it should be understood that the present 
invention is not intended to be restricted to the 
specific system, and other systems such as a 
random reproduction system wherein the music 
programs can be repeatedly reproduced, or a re- 
production system wherein only selected music 
programs are to be reproduced, etc., are equally 
applicable to the present invention. 

Further, the present embodiment has been dis- 
cussed on the random reproduction method as an 
example of the successive reproduction; however, 
the present invention is not intended to be re- 
stricted to the specific embodiment, and it is also 
applicable to the case where the reproducing order 
of a plurality of music programs is programmed 
beforehand so that reproduction is performed ac- 
cording to the order. 

As aforementioned, a disk reproduction appara- 
tus in accordance with the present invention, com- 
prises: a drive circuit for moving the optical pickup 
in response to the drive voltage and/or its time 
duration; and control means for setting the time 
interval substantially constant between the end of 
the current music program and the beginning of 
the next music program to be reproduced by con- 
trolling the drive voltage and its time duration. 

Since the control means controls the drive volt- 
age to be entered to the driving circuit and its time 
duration, the time interval can be made substan- 
tially constant between the end of the current mu- 
sic program and the beginning of the next music 
program to be reproduced. 

Thus, when performing a random reproduction 
of the music programs, listeners can enjoy a natu- 
ral flow of the successively reproduced music pro- 
grams like when reproduction is performed of the 
music programs in order from an inner portion 
toward an outer portion of the disk. Moreover, the 
listeners can enjoy a disk in many ways as if music 
programs of other disks were being reproduced. 

Furthermore, a time interval between an end of 
the current music program and a beginning of the 
next music problem becomes shorter than the 
longest search time of the conventional method if 
in searching, for example, the track jump of the 
pickup is preferably selected. 

With the search method of the disk reproduc- 
tion apparatus in accordance with the present in- 
vention, when performing the successive reproduc- 
tion of the music programs recorded on the disk, 
the search time for each music program can be 
made substantially constant. Thus, listeners for the 
disk reproduction apparatus can enjoy a natural 
flow of the successively reproduced music pro- 



grams like when reproduction is performed of the 
music programs in order from the inner portion 
towards the outer portion of the disk. Further, lis- 
teners can enjoy a disk in many ways as if music 

5 programs of other disks were being reproduced. 

The invention being thus described, it may be 
obvious that the same may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the scope of the invention. 

io There are described above novel features 

which the skilled man will appreciate give rise to 
advantages. These are each independent aspects 
of the invention to be covered by the present 
application, irrespective of whether or not they are 

is included within the scope of the following claims. 

Claims 

1. A disk reproduction apparatus for successive 
20 reproduction of a plurality of music programs 

recorded on a disk using an optical pickup, 
comprising: 

pause time setting means (3b) for setting a 
pause time substantially constant upon receiv- 
25 ing an instruction for the successive reproduc- 

tion; 

automatic pause setting means (3a) for 
keeping the apparatus in pause during the 
pause time and releasing the apparatus from 
30 the pause after the pause time has passed; 

search means (3c) for searching a next 
music program to be reproduced during the 
pause time by moving the optical pickup. 

35 2. The disk reproduction apparatus as set forth in 
claim 1 , wherein said pause time setting 
means, said automatic pause setting means 
and said search means are constituted by a 
microcomputer. 

40 

3- A disk reproduction apparatus as set forth in 
claim 1, further comprising music program se- 
lection means for selecting the next music 
program to be reproduced. 

45 

4. The disk reproduction apparatus as set forth in 
claim 3, wherein said music program selection 
means includes a random number generator. 

so 5. A disk reproduction apparatus for successive 
reproduction of a plurality of music programs 
recorded on a disk using an optical pickup, 
comprising: 

drive means for moving the optical pickup 

55 in response to drive voltage to be applied 

thereto and a time duration of the drive volt- 
age; and 

control means for making a time interval 
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substantially constant between an end of a 
current music program and a beginning of a 
next music program to be reproduced by con- 
trolling at least one of the drive voltage and the 
time duration of the drive voltage. 5 

6. The disk reproduction apparatus as set forth in 
claim 5, wherein said control means is a micro- 
computer. 

10 

7. The disk reproduction apparatus as set forth in 
claim 5 wherein, said control means compris- 
ing: 

means for releasing a control signal which 
varies depending on a search time obtained 75 
through a calculation based on information re- 
corded in a TOC area on the disk; 

means for selecting a search condition 
based on the control signal; 

applied voltage selection means for select- 20 
ing the drive voltage to be applied to said drive 
means based on the control signal and the 
selected search condition; and 

search means for searching the next music 
program to be reproduced by moving the op- 25 
tical pickup to a starting position of the next 
music program to be reproduced according to 
output from the applied voltage selection 
means. 

30 

a The disk reproduction apparatus as set forth in 
claim 7, wherein: 

said search condition selection means se- 
lects a number of tracks which the optical 
pickup jumps at a time according to a distance 35 
between a present position of the optical pic- 
kup and the starting position of the next music 
program to be reproduced. 

9. A search method of a disk reproduction ap- 40 
paratus for successive reproduction of a plural- 
ity of music programs recorded on a disk 
using an optical pickup, comprising the step of; 

making time required for searching each 
music program substantially constant during 45 
the successive reproduction of the music pro- 
grams on the disk. 

10. A search method of a disk reproduction ap- 
paratus for successive reproduction of a plural- so 
ity of music programs using an optical pickup, 
comprising the steps of: 

setting the apparatus in pause during a 
pause time which is set to coincide with the 
longest search time; 55 

randomly selecting a next music program 
to be reproduced; 

searching the selected music program; 
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judging whether the pause time has 
passed; and 

releasing the apparatus from the pause 
after the pause time has passed. 

11. A search method of a disk reproduction ap- 
paratus, comprising the steps of: 

calculating search time by calculating 
based on information recorded in a TOC area 
on a disk; 

selecting drive voltage to be applied to 
drive means based on the obtained search 
time; and 

moving the optical pickup according to the 
drive voltage and searching a next music pro- 
gram to be reproduced. 

12. The search method as set forth in claim 11, 
further comprising the step of: 

selecting a search condition based on the 
search time obtained through the calculation, 
and wherein the drive voltage to be applied to 
said drive means is selected according to the 
search condition and the search time. 

13. The search method as set forth in claim 12. 
wherein, the search condition is determined by 
setting a number of tracks which the optical 
pickup jumps at a time. 
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FIG. 6 
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